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Abstract 
Ligands containing thiophene and imine moieties were synthesized in order to study their 
reactions with platinum precursors.  The imine is thought to coordinate initially to the platinum 
atom, with chelate-assisted C-H activation of the thiophene occurring next. A range of 
orthometalation products were obtained. The products varied depending on the reaction 
conditions including the solvents utilized, the steric bulk of the ligands, the stoichiometric ratios 
employed, the reaction temperatures, and the reaction times.  All ligands and platinum 
complexes were characterized by 
1
H NMR and IR spectroscopies.   
 
Introduction 
 Natural alkane resources, also known as saturated hydrocarbons, constitute the majority 
of petroleum and natural gas products.
1
 The strong C-C and C-H bonds present in hydrocarbons 
yield molecules that have no low energy empty orbitals or high energy filled orbitals available to 
participate in a reaction; they are therefore relatively inert. Hydrocarbons do, however, react at 
high temperatures via combustion reactions,
2
 but these processes yield undesirable byproducts 
such as carbon dioxide and water instead of, or in addition to, the more valuable olefin product. 
Alternative syntheses have been explored, but these processes often involve expensive chemicals 
and conditions.1 In order to exploit the potential of hydrocarbons while avoiding high costs, poor 
selectivity, and byproducts, synthetic routes involving C-H bond activation have continued to 
attract attention.  
The term C-H activation refers to the cleavage of an unreactive C-H bond. Often the term 
refers to the cleavage of an alkane, arene, or alkyl chain, by a transition metal complex where the 
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cleavage of the C-H bond yields a product containing a metal – carbon, M-C, bond.3,4,5,6,7 A 
reaction mechanism for the formation of the M-C bond may begin with the coordination of a 
hydrocarbon to the inner-sphere of the metal by oxidative addition. The hydrocarbon species 
may then form a 3-membered transition state with the metal atom during the C-H cleavage. Once 
the C-H bond is broken, the hydrogen may leave by reductive elimination to methane gas, 
leaving an M-C bond behind.
8
 Figure 1. provides an example of methane oxidation within the 
Shilov system, and shows how C-H activation may facilitate in the conversion of an alkane.1 The 
Shilov system methane oxidation, however, is not yet practical since the process requires 
stoichiometric amounts of Pt
IV
.1
 
 
 
Figure 1.  The mechanism of methane oxidation within the Shilov system. The first step shows Pt(II) replacing a 
chloride, forming a methyl-Pt(II) complex. In the second step, [PtCl6]
2-
 uses electron transfer to a methyl Pt(IV) 
species to oxidize the complex and produce an octahedral complex. The resulting complex then undergoes 
nucleophilic attack at the C-Pt bond in step 3, and generates methanol and the Pt(II) catalyst.
1
  
 
In order to better explore the possibilities of C-H bond activation, specifically 
regioselectivity, a variety of ligated species have been employed. Regioselectivity, defined as the 
preference of one pathway over other possibilities for chemical bond breaking or making, is a 
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desirable attribute of C-H activation since it provides a regio-product.
9
 The high selectivity given 
through C-H activation allows for more facile synthesis of specialty chemicals and/or 
pharmaceuticals as well.
10
 Unfortunately, a minority of ligands exist currently that may undergo 
activation in mild conditions and maintain high regioselectivity. In order to expand upon the 
research of C-H activation, and to exploit the regioselectivity possible through it, ligands known 
to react in mild conditions and with potential for high selectivity, such as thiophene and/or imine 
derivatives, were chosen for exploration in this project.  
Imines 
Ligands containing electron donating groups, such as nitrogen donors, enhance the 
nucleophilicity of the platinum atom and so increase the electron density surrounding the metal 
atom as well. Nitrogen donors are often chosen as the electron donating group for a platinum (II) 
center due to their stabilization properties.
11
 The nitrogen’s small radius and nonpolarizable 
nature enables the atom to pull electron density away from the atoms it’s coordinated to, 
meaning the rest of the ligand, and thereby enhance the nucleophilicity of the metal center (in 
this case, platinum (II)).
11
 In addition to being electron rich, the nitrogen atom contains a lone 
electron pair which gives the nitrogen atom favorable electronic properties, most notably strong 
σ-donation. The excess electron density surrounding the nitrogen atom may then be transferred 
to the Pt atom to strengthen those bonding interactions. Of nitrogen containing ligands, imine 
ligands have been shown to be particularly useful in the synthesis of the reactive Pt (II) 
complexes.
11
 The double bond to carbon (C=N) in the imine compound engages the π orbitals of 
the nitrogen atom, thereby limiting the metal to ligand π back-bonding donation and allowing the 
metal to retain more of its electron density. The augmented electron density of the platinum atom 
may then be used to activate a substrate via an SN2-type reaction.
11
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Of a similar effect to the σ bonding interactions exhibited by the imine bond, the π –
bonds within aromatic rings allows theses rings to retain their electron density and become 
electron rich compounds. Since the electron density distribution is uniform among the π-orbitals, 
ligands with aromatic substituents often act as stabilizing ligands. When a ligand coordinates to a 
platinum atom through an aromatic carbon, by a η1 type σ-bond, the σ-bond between the carbon 
and platinum facilitates the transfer of a large amount of electron density to the platinum atom.
12
 
Once again, the donation of electron density from the ligand to the metal center increases the 
electron density of the metal center, and therefore augments the reactivity of the complex. 
Unfortunately, the increase of reactivity with increasing electron density has the inverse effect on 
the stability of the complex. In order to achieve a reactive yet stable complex, the ligands must 
provide strong σ-donation along with weak π –acceptor interactions so that the majority of the 
ligands electron density may be donated to the metal center, but some electron density may be 
returned to the ligand via a weak π –bond interaction.13 A combination of nitrogen and aromatic 
donors offers promising results for enhanced reactivity without resulting in the destabilization of 
the complex. 
Thiophenes 
Along with demands for cheaper conversion of hydrocarbons, much research effort has 
been expended on the development of hydrodesulfurization (HDS) catalysts.
14
 Although this 
study is not aimed at the synthesis of an HDS catalyst, the reaction mechanism of the HDS 
process will be explored while analyzing the mechanism of the complex formation. Exploration 
of reactions of thiophenes with transition metal complexes may provide insight into these 
mechanisms.
14 
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Transition Metal 
In addition to surveying the ligands, the choice of transition metal is also key when 
referring to C-H activation. The oxidation state of the transition metal influences the geometry, 
reactivity, and properties of a complex.
2
 In addition, the characteristics of the ligands attached to 
the metal, the number of ligands attached, the steric hindrance those ligands induce, and the d 
orbital electron configuration of the metal atom affect the structure of the metal complex.
2
 Since 
different geometries provide better d orbital stabilization for different metal complexes, it is 
important to choose a metal with a stable geometry for C-H activation. Platinum (II) complexes 
exhibit a d
8
 electron configuration, and will assume a square planar geometry. The square planar 
geometry provides the largest d-orbital stabilization for a d
8
 electron configuration complex, and 
therefore is the most stable geometry for a complex of a d
8
 electron configuration.
2
 In square 
planar geometries, both σ and π interactions bond the ligands to the metal center. The p orbitals 
of the ligands interact through π -bonding interactions with the metal’s bonding orbitals dxz, dxy, 
and dyz. The metal’s dz
2 
orbital becomes the HOMO, Highest Occupied Molecular Orbital, of the 
complex, mixing with the ligand orbitals through σ bonding and thereby stabilizing the complex. 
The 5dx
2
-y
2
 bonding orbital of the platinum, however, is significantly higher in energy than the 
other d orbitals, and does not directly interact with the ligand orbitals, but actually becomes 
destabilized due to its higher energy. Some of the 5dx
2
-y
2
 bonding orbital’s electron density, 
however, may be transferred to its neighboring orbitals, thereby enhancing the σ and π 
interactions between the atoms.
2
 Figure 2. shows the different bonding orbitals mentioned 
above, the two geometries possible for a d
8
 electron configuration, and the orbital energy-level 
diagram of a square planar complex. 
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(a)   
                   
   (b)     
(c)  
Figure 2. (a)In the first row of orbitals, the s and p orbitals correspond to the ligand’s and metal’s orbitals. The 
second row only exists in the metal atom, and represents the d orbitals of the metal atom. All of the pictures are 
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shown on a three dimensional axes set to simulate their existence in space. (b) The low-spin and high-spin electron 
configurations for d
8
 metal atoms. The square planar orbital diagram is shown on the left. The tetrahedral orbital 
diagram is shown on the right. Low-spin metal ions, such as Pt (II), exhibit square planar geometries while high-spin 
d
8
 metal ions exhibit tetrahedral geometries. (c) The energy orbital diagram of a square planar complex and its 
interaction with four ligands. The metal ion is represented on the left, the four ligands are represented on the right, 
and the middle represents the interaction and bonding orbitals formed between the metal ion and the ligand.
2
  
 
The square planar geometry possesses an unsaturated coordination sphere, meaning the complex 
has 16 electrons as opposed to 18, and therefore exhibits axial positions that are sterically 
unhindered. The ligands in those axial positions may then undergo oxidative addition reactions 
more readily because of their increased accessibility.
15
 Since Pt (II) complexes are most reactive 
when a large amount of electron density surrounds the metal atom, substituents which center the 
electron density around the metal, such as imine or thiophene containing ligands, are favorable.  
Photophysical Properties 
While C-H activation has traditionally been used to convert hydrocarbons into more 
valuable products, recent interest in the photophysical properties of certain complexes and 
ligands used in C-H activation has expanded the field. The photophysical properties seen in C-H 
activation stem from metal to ligand charge transfer (MLCT) excited states. Fundamentally, 
MLCT excited states generated considerable interest and yielded much insight into electron 
transfer processes,
16,17
 solvent effects,
18,19
 and non-radiative decay.
20,21,22
 Recently, MLCT 
excited states have become useful in applications as sensitizers in photovoltaic cells
23
 and optical 
gas sensors.
24
 The majority of the work has been performed using d
6
 metal polypyridine 
complexes of Ru(II), Os(II), and Re(I), but more recent interest in d
8
 Pt(II) complexes with 
diimine, thiolate, or isonitrile ligands has emerged.
25
 As stated earlier, the electron rich nature of 
an aromatic carbon allows the carbon to act as a strong σ-donor, and to donate additional electron 
density to the central platinum atom. When the electrons within the σ-orbitals become excited, a 
10 
 
MLCT occurs.
2
 In a study performed with diimine ligands and platinum (II) centers, the Schanze 
group found that the Pt (II)–diimine complexes demonstrate long-lived excited states that 
originate from dπ Pt    π* diimine MLCT, confirming that the MLCT occurs.25 While Pt (II) 
polypyridyl compounds do exhibit interesting photophysical properties, cyclometalated 
compounds possess their own unique set of photophysical properties, and have therefore also 
been targeted for exploration.
26
 
Cyclometalation 
Cyclometalation refers to the process by which an organic ligand chelates to a metal atom 
in two locations via oxidation addition or cyclic sigma bond metathesis. The dual chelation of the 
ligand creates an organometallic ring system, hence the name cyclometalation.
2
 Orthometalation 
refers to the same process, but one of the chelating ligand positions must be an ortho position on 
the aromatic ring. Figure 3. shows the mechanism for orthometalation within a square planar 
platinum (II) complex.  Cyclometalation and orthometalation occur through an intramoelcular 
process, and use C-H bond activation to perform the metalation.
27
 The orthometalation of a 
ligand to a metal atom through the carbon of an aromatic ring is preceded by the chelation of the 
metal atom to an adjacent imine group. Once chelated at the nitrogen atom, C-H bond activation 
may occur at the ortho-position of the aromatic ring. The orthometalation generates a fused ring 
system consisting of a 5-member endo metallacycle and an aromatic ring. The fused ring will 
create a pseudo aromaticity that will stabilize the molecule by resonance.
28
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Figure 3. A structural representation of the mechanism for chelation and orthometalation of a ligand with thiophene 
and imine moieties to a platinum (II) complex. 1. The ligand chelates to the central platinum through the nitrogen 
atoms. 2. C-H bond activation occurs by oxidative addition, causing orthometalation at the benzene ring. Reductive 
elimination of CH4 follows. 3. A second orthometalation occurs, this time on one of the thiophenes, following the 
same pathway as step 2. 
 
 
As such, a range of ligands that contain thiophene and imine moieties were synthesized 
and reacted with platinum (II) dimer to explore the reaction mechanism and formation of 
platinum (II) complexes with ligands containing thiophene and imine moieties. Since transition 
metals change oxidation states easily, seemingly minute differences in reaction conditions may 
result in a deviation from the desired product formation. As a result, variables such as reaction 
conditions including temperature, solvent, and size of the orthometalated ligand must be 
analyzed. The temperature of at which a reaction is conducted may be manipulated to gain a 
better understanding of the thermodynamic and kinetic properties of a reaction. Reported in her 
senior project, Krieder-Mueller shows that chelation of the ligand to the platinum atom may 
occur at room temperature, but that orthometalation requires refluxation.
12
 The temperature of 
the refluxation may be controlled by solvent selection, meaning a reaction requiring milder 
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reaction conditions may be reacted in acetone, which has a boiling point of 56  C, while 
compounds requiring harsher conditions may use a solvent such as toluene, which has a boiling 
point of 111   C.  The size of the ligand must also be considered since some ligands may be able 
to undergo bismetalation in addition to monometalation. While ligands containing both imine 
and aromatic moieties are favorable electronically, the steric bulk of the aromatic rings may limit 
those compounds’ capabilities. In order to test how different ligands undergo orthometalation 
reactions, a range of ligands of different sizes were employed. The ligands and complexes 
formed within this project are shown below in Figure 4 and their respective reaction times and 
yields in Table 1. 
13 
 
Figure 4. 
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Table 1.     Reaction Times and Percent Yields of the Various Syntheses 
Compound Synthesis # Reaction Time (Hr.) Percent Yield (%) 
 
3a 
1 24 82.8 
2 24 79.9 
3 72 74.3 
4 24 96.7 
5 48 79.6 
3b 
1 2 84.4 
2 3 62.5 
3 3 86.3 
4 3 72.1 
5 6 66.2 
3c 
1 27 77.0 
2 3, reflux 71.8 
3 6 48.9 
4 7 64.0 
5 1 89.8 
4a 1 1.5 68.0 
4b 
1 26 208.0 
2 20 83.9 
3 24 37.3 
4c 1 48 74.3 
4d 1 12 90.0 
5a 
1 12 41.9 
2 12 79.2 
5b 
1 24 32.9 
2 12 80.4 
3 2, reflux N/A 
6a 
1 3 70.0 
2 3 93.8 
6b 
1 18 0.0 
2 18 88.5 
3 27 84.2 
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Results and Discussion 
 
Originally, a series of 6 ligands containing thiophene and/or imine moieties were to be 
synthesized in order to test their reactivity with a Pt(II) dimer, and to potentially obtain mono-
orthometalated or bis-orthometalated complexes (Figure 4). A variety of reaction times were 
employed during the syntheses (Table 1.) Ligands 3a through 6b were synthesized. Ligands 6c 
through 7b have yet to be synthesized. It is, however, important that these ligands be obtained in 
order to expand upon the study of square planar platinum(II) complexes with ligands containing 
thiophene and imine moieties. 
A majority of this project was spent on the synthesis and purification of the ligands. 
Many of the syntheses were multi-step and required long reaction times and thorough 
purification. Ligand 3a was synthesized a total of 5 times with all percent yields exceeding 74 % 
after purification (Scheme 1.). The purified products were fine powders or sticky oil ranging in 
color from pale yellow to deep red. Although the general procedure was similar for all five of the 
syntheses, the reaction times were varied to test which reaction length would provide the best 
product. The first, second, and fourth syntheses were reacted for 24 hours, the third for 72 hours, 
and the fifth for 48 hours. The third synthesis, followed by the fifth synthesis yielded the most 
pure products. During the fourth synthesis, some black precipitate built up along the side of the 
flask, but was re-dissolved in the solution after being scraped from the sides of the flask. The 
fourth synthesis gave the highest percent yield at 96.7 %. The resulting yellow oil, however, 
changed into a bright green oil after about 3 weeks. After this point, another 
1
H NMR was taken, 
and a new peak at 10.08 ppm was seen in addition to a downfield shift for the aromatic peaks. 
The product was then not used in additional syntheses. The products were analyzed by 
1
H NMR 
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spectroscopy, IR spectroscopy, and GC/MS (Appendix A, D, E). For syntheses two, three, four, 
and five, the 
1
H NMR spectra showed formation of the product. Minimal amounts of unreacted 
starting material were seen in the second and fourth syntheses. The first synthesis gave a mixture 
of product and starting material originally, but after purification exhibited only the product 
peaks. All five syntheses have the characteristic aldehyde singlet at 10.15 ppm with the 
aromatics falling between 7.65-8.38 ppm (Appendix A, C). Most of the spectra did, however, 
exhibit large DMF and NMR solvent peaks despite numerous attempts at drying the products. 
All products were purified by column chromatography.  
 
Scheme 1. Synthesis of ligand 3a. 
 
 
Ligand 3b was synthesized a total of 5 times with all percent yields exceeding 60 % 
(Scheme 2). The purified products were yellow, orange, or red oils. Once again, the reaction 
conditions remained the same for all of the syntheses with the exception of the reaction times 
(Table 1). Syntheses one and two were reacted for 2 hours, three and four for 3 hours, and five 
for 6 hours. Syntheses two and five yielded the most pure products. All the syntheses of ligand 
3b were purified by column chromatography. The integration and peak shifts exhibited by 
1
H 
NMR spectra showed full formation of the product peaks for syntheses two, three, and five. The 
imine peak appeared around 8.43 ppm and the aromatics fell between 7.41-7.87 ppm (Appendix 
A, C). Syntheses one and four also exhibited these peaks, but still contained a small amount of 
unreacted starting material. 
17 
 
 
Scheme 2. Synthesis of ligand 3b.  
The synthesis of ligand 4a was straightforward, but surprising. The procedure was 
adapted from the literature,
29
 and was performed in bulk (Scheme 3.). Despite the 68.0 percent 
yield, 13.7 g of ligand 4a were synthesized. During the second step of the procedure, the solution 
needed to be stirred both manually and mechanically for 0.75 hours due to the formation of a 
brown foam upon the addition of the diazonium salt to the KI solution. The single peak at 7.71 
ppm in CDCl3 present in the 
1
H NMR spectrum confirmed the formation of the product since the 
peak shifts is consistent with the given literature value of 7.71 ppm in CDCl3 (Appendix A, C).
29
  
 
Scheme 3. Synthesis of ligand 4a. 
Ligand 4b was also prepared using an adapted procedure,
29
 and was synthesized a total of 
3 times (Scheme 4.). Since PhMgBr is sensitive to air, the reactions were performed under N2 
gas.  Despite following the same procedure, a range of yields and purity of product was obtained. 
During the transfer of ligand 4a into the refluxing PhMgBr solution in the first synthesis, pieces 
of the septum fell into the reaction flask. In order to keep the reaction under inert atmosphere, the 
septum pieces were left to stir with the reaction and filtered out at the end, while some parafilm 
was stretched over the compromised septum. A huge percent yield of 208 was obtained for the 
first synthesis. After purification, however, the percent yield dropped to 92.3 %, meaning 
18 
 
residual solvent and/or starting material were present before purification. The product was 
purified by column chromatography. Both 
1
H and 
13
C NMR spectra were obtained for the first 
synthesis (Appendix A-C). Even though the compound was dried over a high vacuum, the 
1
H 
NMR spectrum exhibited large THF peaks. Product peaks in the aromatic range of 6.77-7.90 
ppm fall in the expected aromatic range and provide the integration to match. The second 
synthesis yielded a more pure product, and was characterized by Rf and melting point in addition 
to 
1
H NMR spectroscopy (Appendix A). The peaks seen in the 
1
H NMR spectrum do not match 
the chemical shifts of the peaks seen in the 
1
H NMR spectrum of the first synthesis, but the 
integration does match. The melting point, 109   C matched the literature value, but the Rf value 
was slightly off, being observed at 0.71 as opposed to the literature value of 0.57.
29
 The third 
synthesis was characterized by 
1
H NMR spectroscopy only due to time constraints. New peaks 
and poor integration exhibited in the 
1
H NMR spectrum of the third synthesis means that some 
side product formation may have occurred. The final synthesis also produced the lowest percent 
yield. 
 
Scheme 4. Synthesis of ligand 4b. 
Ligand 4c was only attempted once, and although the integration from the 
1
H NMR 
shows formation of the product, the chemical shifts do not match the shifts from the literature 
(Scheme 5., Appendix A, C).
29
 The 
13
C NMR also lacks several of the peaks observed in the 
literature (Appendix B).
29
 This procedure was not adapted from the literature, however, but 
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employed a Suzuki cross-coupling reaction instead. The resulting product was a bright yellow 
oil. 
 
Scheme 5. Synthesis of ligand 4c.  
Ligand 5a was the easiest ligand of those surveyed to synthesize (Scheme 6.). Equivalent 
molar amounts of 2-picolylamine and 3-thiophenecarboxaldeyde were reacted for 12 hours in dry 
dicholormethane on molecular sieves. Two syntheses of ligand 5a were performed, and both 
gave pure products as characterized by 
1
H NMR. Both syntheses exhibited an imine peak at 8.47 
ppm and a CH2 peak at 4.9 ppm. The aromatics showed up in between the range of 7.12-8.57 
ppm, and the integration for all of the peaks were correct for their respective assignments 
(Appendix A, C). The first synthesis had a low percent yield, 41.9 %, because during the 
purification of the product, some of the celite was pushed through the plug and spattered the 
product in the hood. The second synthesis went smoothly, and was characterized by 
13
C NMR in 
addition to 
1
H NMR (Appendix B). All 10 expected carbon peaks were evident in the 
13
C NMR 
spectrum. Both 
1
H NMR spectra were free of excess starting material.  
 
 
Scheme 6. Synthesis of ligand 5a. 
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The synthesis of ligand 6a was performed twice, each time yielding a dark red powder 
(Scheme 7.). The second synthesis gave a high percent yield of 93.8 %. No purification was 
performed for either synthesis. Both syntheses were characterized by 
1
H NMR (Appendix A, C). 
While both 
1
H NMR spectra showed product aromatic peaks at 7.28-9.16 ppm and a CH2 peak 
around 6.85 ppm, both spectra had significant residual pyridine peaks remaining.  
 
Scheme 7. Synthesis of ligand 6a. 
Ligand 6b was troublesome, and was synthesized 3 times (Scheme 8.). The first synthesis 
was unsuccessful because the solution was spilled into the ice-water bath due to clumsiness 
during removal from the bath. Despite steps to recover the product, no product was recovered. 
This may be a result of the compound’s hygroscopic nature.30 The compound could not have 
been separated from the large amount of water in which it was dropped. The second synthesis 
yielded a damp brown solid with a greenish tint to it. Although purification was needed, as is 
seen in the 
1
H NMR spectrum, no purification was performed as per the recommendation of a 
literature article.
30
 The article stated that the compound’s hygroscopic nature meant purification 
may compromise the compound. The 
1
H NMR spectrum showed the product peaks of the 2 
methyls as a singlet at 2.87 ppm, and the two CH2 peaks at 3.71 and 3.47 ppm respectively 
(Appendix A, C). The 
1
H NMR spectrum of the third synthesis yielded the product peaks at 
2.87, 3.71, and 3.47 ppm as well, but excess starting material peaks were also evident. This may 
be a result of the extended reaction time of 27 hours as opposed to the initial 18 hours of 
refluxing, or to the water stoppage that occurred overnight. Despite leaving the water running at 
21 
 
a quick rate at the end of the evening, the water flow had become a slight drip by the morning. 
The reaction was therefore reacted for addition time. 
 
Scheme 8. Synthesis of ligand 6b . 
For the platinum (II) complexes, chelation occurred when reacted with ligands 3b and 5a 
in an acetone solvent (Scheme 9.). All but one of the metal syntheses used acetone as the 
solvent, with benzene being the exception (Complex 3c, synthesis 5). The benzene solvent was 
employed in order to have a solvent comparison with a solvent of higher boiling point. The 
reaction times for the platinum complex syntheses spanned 4 – 24 hours with percent yields 
around 70 % (Table 1).  
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Scheme 9. Synthesis of the complexes. Top) Synthesis of complex 3c. Middle) Synthesis of 4d. Bottom) 
Synthesis of 5b.  
Complex 3c was synthesized a total of 5 times, with 4 of those syntheses being performed 
in acetone and the final synthesis performed in benzene. The synthesized products were all fine 
golden-yellow powders. With exception of synthesis 3, the syntheses also produced pure yields 
greater than 64 %. In syntheses 3 and 4, chelation was observed with the expected platinum (II) 
coupling constant of 87.2 Hz for the first methyl peak at 0.96 ppm and a surprisingly low 
coupling constant of 72.8 Hz for the second methyl peak at 0.728 ppm (Appendix A, C). The 
low coupling constant may be a result of the trans effect evoked by the thiophene. Unlike the 
other four syntheses, synthesis 2 was refluxed as opposed to stirred. The product peaks in the 
1
H 
NMR spectrum were shifted from the other syntheses, but it did not seem as though 
orthometalation had fully occurred. The methyl product peaks were now at 1.06 ppm and 0.76 
ppm with coupling constants of 83.2 Hz and 88.8 Hz respectively. The 
1
H NMR spectrum was 
also exhibited other possible methyl peaks between the range of 1.1 and 0.3 ppm. The coupling 
constants for those peaks, however, were in the lower 70s, and were therefore not chosen as the 
product peaks. Some orthometalation may have occurred and may be appearing as one of those 
methyl peaks within the 1.1 -0.3 ppm range. Extended reaction time under reflux may provide a 
single product, possibly and orthometalated one. Synthesis 4 yielded the purest product, as 
shown by the 
1
H NMR spectrum, but that does not mean the spectrum was free of excess dimer 
or minimal side product formation. Additional peaks that were not identified as the product 
peaks still remained in the 1.1 - 0.3 ppm range of the 
1
H NMR spectrum. The final synthesis of 
compound 3c was performed in benzene for 1 hour. Although benzene is a has a higher boiling 
point than acetone and may be more suitable for reflux reactions, the reaction was stirred for one 
hour to monitor the speed of product formation. Much unreacted dimer remained in the 
1
H NMR 
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spectrum, signaling that more reaction time was necessary for the benzene solvent. The 3c 
complexes were purified by pushing the product through celite/kimwipe filters and by washing 
the products with cold pentane, hexane, and/or diethyl ether.  
Only one synthesis of complex 4d was performed due to time constraints and suspected 
impurity of ligand 4c. The 
1
H NMR spectrum of complex 4d showed large amounts of unreacted 
dimer, and unshifted ligand peaks, but upon closer inspection, some possible Pt-Me peaks were 
noticed (Appendix A, C). Two singlet peaks appeared at 0.47 and 0.50 ppm with coupling 
constants of 83.2 Hz and 80.0 Hz respectively. These peaks were determined to be the Pt-Me 
peaks. Another singlet peak appeared at 3.02 ppm with a coupling constant of 15.2 Hz. This peak 
was determined to be the Pt-SMe2 peak. So although product 4c may have been impure, the 
compound appears to have still reacted with the platinum dimer 2. Product 4d was obtained as a 
yellow oil. No purification or other characterization of this compound has been performed as of 
yet. 
The first two syntheses of complex 5b appeared to yield some of a chelated platinum (II) 
complex. The methyl peaks, however, were not distinct as was expected, and at first appeared as 
a single peak of with an integration of 6 H. After re-evaluating the 
1
H NMR spectrum and re 
integrating it, it was determined that there was the integration was originally performed 
incorrectly and the actual product peak was only equivalent to one methyl, not two. No other 
methyl was evident in the 
1
H NMR spectrum, and so it was determined that the product was 
already orthometalated. But comparison with the 
1
H NMR spectrum of 5b1, where product 5b 
had been additionally refluxed, does not support this assumption. The determined Pt-Me peak for 
5b appeared at 1.09 ppm with a coupling constant of 80 Hz while the Pt-Me peak for 5b1 
appeared at 0.69 ppm with a coupling constant of 72 Hz (Appendix A, C). Given the lower 
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coupling constant of complex 5b1, it seems that the original 1.09 ppm peak is the single Pt-Me 
peak and that the reflux reaction may have caused some side product formation. Large solvent 
peaks of diethyl ether and hexane in the 
1
H NMR spectrum of 5b1 may potentially be hiding the 
actual Pt-Me peak. The products were washed with cold pentane and/or diethyl ether and hexane. 
All three syntheses yielded fine powders, with synthesis 1 being red and syntheses 2 and 3 being 
gold. 
Additional characterization of the ligands and complexes was performed in the form of 
IR spectroscopy and GC/MS (Appendix C - E). The IR data for the 3b-3c and 5a-5b was helpful 
because the S-C and N=C shifts are notable between the ligand and the complex, thereby 
supporting the assertion that a new product has been formed. 
 
Conclusion and Future Studies 
 
Two novel ligands and one known ligand were reacted with a platinum (II) dimer to yield 
chelated and orthometalated products. Although the majority of the reactions were performed in 
an acetone solvent, the 1 hour synthesis of 3c using a benzene solvent showed promise if the 
reaction time had been extended. Many of the synthesized complexes required long reaction 
times for chelation, and even then a substantial amount of unreacted platinum dimer remained. 
As such, other solvents should be employed as the reaction solvent to explore the possibility of 
more efficient and pure product formation.  
In addition to the exploration of solvents, reaction times for the initial chelation step 
should be narrowed down to a reaction window of 6 – 12 hours as those reaction times produced 
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the best platinum complex products as shown by 
1
H NMR characterization. For the 
orthometalation step, the reaction time should range from 2-3 hours of refluxation. Some of these 
reactions should be monitored by NMR over a time interval to best determine the reaction time 
range. 
Several of the syntheses performed yielded “dirty” NMR spectra as a result of impure 
starting materials, contaminants, and excess solvent. Therefore, more care needs to be taken 
regarding the purification of the starting materials and avoidance of contaminated deuterated 
solvents and dirty glassware, and more time spent drying the products. The final products should 
also be recrystallized to obtain the crystals necessary for X-ray crystallography. Unfortunately, 
no recrystallization has been performed as of yet, so the first task will be to obtain X-ray 
crystallography quality crystals. 
Looking forward, additional spectroscopic data for the complexes should be performed to 
best characterize the products. Elemental analysis, X-ray crystallography, and high-resolution 
mass spectrometry should all be performed in the future. For complex 3c, a second 
orthometalation may take place, and time should be spent to explore this reaction. Complex 5b 
may undergo bismetalation, and this possibility should also be explored. 
As a final note, ample time should be allowed for the synthesis of the starting ligands. A 
majority of this project was spent synthesizing and purifying the ligands necessary for the 
reactions with the platinum (II) dimer.  
 
Experimental 
The solvents and drying agents used within these syntheses were purchased from the 
commercial source Sigma Aldrich. The [K2PtCl4] compound used for the synthesis of the 
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platinum dimer, compound 1, was purchase from the Pressure Chemical Company. All 
synthesized compounds were characterized via 
1
H NMR and IR spectroscopy. A 400 MHz 
Varian NMR spectrometer and a Nicolet 4700 FTIR spectrometer were used for these 
characterizations. Abbreviations used during the experimentals are as follows: CDCl3 = 
chloroform-d, DCM = dichloromethane, THF =  tetrahydrofuran, DMF = dimethylformamide.  
 
Starting Materials 
The starting materials cis/trans dichlorobis (dimethylsulfide) platinum (II), [PtCl2(SMe2)2], 1, and  
Bis(dimethyl(μ-dimethylsulfide)platinum (II)), [Pt2Me4(μ-SMe2)2], 2, were previously 
synthesized under the same method as described in the senior thesis of Krieder-Mueller.
12
 A 
1
H 
NMR spectrum of compound 2 was taken to verify the formation of the compound (Appendix 
A). 
1
H NMR (400 MHz, Acetone-d6) 0.748 (s, J = 20.8 Hz, 12 H) 0.467 (s, J = 84.8 Hz, 12 H). 
 
Synthesis of the Ligands 
 
C15H2OS2, 3a 
Synthesis #1 (10/10/12) 
0.264 g of 3,5-dibromobenzaldehyde was mixed with 0.512 g of 3-thienylboronic acid, 0.058 g 
of Pd(PPh3)4, and 0.848 g of Na2CO3 in one 50 mL flask. The flask was then purged with 
nitrogen gas for 5 minutes. Both anhydrous N,N-dimethylformamide (3 mL) and deionized water 
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(1 mL) were added to the flask via a syringe, upon which the solution became dark brown with 
some undissolved white particles. The reaction was stirred under nitrogen gas for 24 hours. 
Unfortunately, the nitrogen gas purge syringe was not removed until 2 hours after the reaction 
had begun. The next 22 hours were under passive N2 gas. The solution remained dark brown 
with some undissolved white particles. The mixture was then filtered through pipette filters 
(celite over a kimwipe), and the solvent was removed on the rotary evaporator to yield an orange 
oil. Yield 0.224 g (82.8%). 
1
H NMR (400 MHz, Chloroform-d) δ 10.11 (s, 1H, Ha), 8.38 (t, 
J=1.6 Hz, 1H, H
c
), 8.17 (d, J = 2 Hz, 2H, H
d
), 8.02 (dd, J= 3, 1.6 Hz, 2H, H
b
), 7.72 (dd, J= 5, 
1.6 Hz, 2H, H
f
), 7.64 (dd, J= 6.8, 2.6 Hz, 2H, H
e
). 
 
Synthesis #2 (10/30/12) 
0.264 g of 3,5-dibromobenzaldehyde was mixed with 0.512 g of 3-thienylboronic acid, 0.058 g 
of Pd(PPh3)4, and 0.848 g of Na2CO3 in one 50 mL flask. The flask was then purged with 
nitrogen gas for 5 minutes. Both anhydrous N,N-dimethylformamide (3 mL) and deionized water 
(1 mL) were added to the flask via a syringe, upon which the solution became dark brown with 
some undissolved white particles. The reaction was stirred under nitrogen gas, not constant flow, 
for 24 hours. The solution remained dark brown with some residual undissolved white particles. 
The mixture was filtered through pipette filters (celite over a kimwipe) and rinsed with Et2O. A 
yellow and orange suspension of product and Et2O formed. The solvent was removed on the 
rotary evaporator to yield a dark red-brown oil. The product was purified by column 
chromatography. Yield 0.214 g (79.3%). 
1
H NMR (400 MHz, Acetone-d6) δ 10.15 (s, 1H, Ha 
8.38 (t, J = 1.6 Hz, 1H, H
c
), 8.17 (d, J = 2 Hz, 2H, H
d
), 8.02 (dd, J = 3, 1.6 Hz, 2H, H
b
), 7.72 (dd, 
J = 5.1, 1.6 Hz, 2H, H
f
), 7.65 (dd, J = 6.8, 2.6 Hz, 2H, H
e
). 
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Synthesis #3 (11/14/12) 
0.0508 g of 3,5-dibromobenzaldehyde was mixed with 0.0725 g of 3-thienylboronic acid, and 
0.225 g of Pd(PPh3)4 in one 50 mL flask. Anhydrous N,N-dimethylformamide (17 mL) was 
added to the flask via a syringe, upon which the solution became dark brown. The reaction was 
refluxed at 80°C for 72 hours. The solution remained dark brown throughout the reaction with 
minimal oil buildup on the flask sides. The mixture was filtered through pipette filters (celite 
over a kimwipe) and the solvent was removed on the rotary evaporator to yield a dark red-brown 
oil. Yield 0.0382 g (74.3%). 
1
H NMR (400 MHz, Acetone-d
6
) δ 10.15 (s, 1H, Ha), 8.38 (t, J = 
1.6 Hz, 1H, H
c
), 8.17 (d, J = 2 Hz, 2H, H
d
), 8.02 (dd, J = 3, 1.6 Hz, 2H, H
b
), 7.72 (dd, J = 5, 1.6 
Hz, 2H, H
f
), 7.65 (dd, J = 6.8, 2.6 Hz, 2H, H
e
). 
Synthesis #4 (1/08/13) 
0.264 g of 3,5-dibromobenzaldehyde was mixed with 0.513 g of 3-thienylboronic acid, 0.058 g 
of Pd(PPh3)4, and Na2CO3 (0.33 mL) in one 50 mL flask. The flask was then purged with 
nitrogen gas for 5 minutes. Both anhydrous N,N-dimethylformamide (3 mL) and deionized water 
(1 mL) were added to the flask via a syringe, upon which the solution became a yellow solution. 
The reaction was stirred under nitrogen gas, not constant flow, for 24 hours. After 10 hours, the 
solution was a clear yellow with some black precipitate. The solution was filtered via vacuum 
filtration to yield a yellow liquid and brown oil with some black filtrate. After solvent removal 
on the rotary evaporator, only a clear yellow liquid remained. After three weeks, the yellow oil 
had become a bright green oil Yield 0.261 g (96.7 %). 
1
H NMR (400 MHz, Acetone-d
6
) δ 10.13 
(s, 1H, H
a
), 8.37 (t, J = 1.6 Hz, 1H, H
c
), 8.17 (d, J = 2 Hz, 2H, H
d
), 7.99 (dd, J = 3, 1.6 Hz, 2H, 
H
b
), 7.76 (dd, J = 5, 1.7 Hz, 2H, H
f
), 7.57 (dd, J= 6.8, 2.6 Hz, 2H, H
e
). 
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Synthesis #5 (1/14/13) 
0.264 g of 3,5-dibromobenzaldehyde was mixed with 0.533 g of 3-thienylboronic acid, 0.0776 g 
of Pd(PPh3)4, and 1.554 g of Na2CO3 in one 50 mL flask. The flask was then purged with 
nitrogen gas for 5 minutes. Both anhydrous N,N-dimethylformamide (3 mL) and deionized water 
(1 mL) were added to the flask via a syringe, upon which the solution became dark brown with 
some undissolved white particles. The reaction was stirred under nitrogen gas, not constant flow, 
for 48 hours. The solution remained dark brown with some residual undissolved white particles. 
The mixture was filtered through pipette filters (celite over a kimwipe) and rinsed with acetone 
to yield a red-brown solution. The solvent was removed on the rotary evaporator to yield a dark 
red oil. The product was purified by column chromatography. Yield 0.215 g (79.6%). 
1
H NMR 
(400 MHz, Acetone-d
6) δ 10.15 (s, 1H, Ha), 8.38 (t, J = 1.6 Hz, 1H, Hc), 8.17 (d, J = 2.0 Hz, 2H, 
H
d
), 8.03 (dd, J = 2.9, 1.6 Hz, 2H, H
b
), 7.73 (dd, J = 5.1, 1.6 Hz, 2H, H
f
), 7.65 (dd, J = 6.8, 2.6 
Hz, 2H, H
g
). 
 
 
C19H20N2S2, 3b 
Synthesis #1 (1/22/13) 
0.987 g of 3,5- dithiophen-3-yl-benzaldehyde 3a was dissolved in dichloromethane (3 mL) and 
added to a 50 mL round bottom flask containing a solution of N, N-dimethylethylenediamine 
(0.0320 g) and dichloromethane (2 mL). The resulting bright yellow solution was stirred at room 
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temperature for 2 hours. The solvent was then removed on the rotary evaporator and dried on the 
high vacuum to yield a yellow oil. The resulting compound was purified by column 
chromatography. Yield 1.048 g (84.4%). 
1
H NMR (400 MHz, Chloroform-d) δ 8.43 (s, 1H, Hd), 
8.16 (t, J = 1.8 Hz, H
f
), 7.87 (dd, J= 7.4, 2 Hz, 2H, H
g
), 7.55 (dd, J = 2.8, 1.2 Hz, 2H, H
e
), 7.46 
(dd, J = 4.8, 1.2 Hz, 2H, H
i
), 7.41 (dd, J= 4.6, 3.2 Hz, 2H, H
h
), 3.81 (t, J= 6.8 Hz, 2H, H
c
), 2.70 
(t, J = 6.8 Hz, 2H, H
b
), 2.35 (s, 6H, H
a
). 
 
Synthesis #2 (2/04/13) 
0.146 g of 3,5- dithiophen-3-yl-benzaldehyde 3a was dissolved in dichloromethane (3 mL) and 
added to a 50 mL round bottom flask containing a solution of N, N-dimethylethylenediamine 
(0.053 g) and dichloromethane (2 mL). The resulting bright yellow solution was stirred at room 
temperature for 2 hours. The solvent was then removed on the rotary evaporator and dried on the 
high vacuum to yield a yellow oil. The resulting compound was purified by column 
chromatography.  Yield 0.115 g (62.5%). 
1
H NMR (400 MHz, Chloroform-d) δ 8.40 (s, 1H, Hd), 
8.13 (t, J = 1.8 Hz, H
f
), 7. 87 (dd, J= 7.4, 2 Hz, 2H, H
g
), 7.55 (dd, J = 2.8, 1.2 Hz, 2H, H
e
), 7.46 
(dd, J = 4.8, 1.2 Hz, 2H, H
i
), 7.42 (dd, J = 4.6, 3.2 Hz, 2H, H
h
), 3.81 (t, J= 6.8 Hz, 2H, H
c
), 2.69 
(t, J = 6.8 Hz, 2H, H
b
), 2.35 (s, 6H, H
a
). 
 
Synthesis #3 (2/05/13) 
0.050 g of 3,5- dithiophen-3-yl-benzaldehyde 3a was dissolved in dichloromethane (3 mL) and 
added to a 50 mL round bottom flask containing a solution of N, N-dimethylethylenediamine 
(0.032 g) and dichloromethane (2 mL). The resulting bright yellow solution was stirred at room 
temperature for 3 hours. The solvent was then removed on the rotary evaporator and dried on the 
high vacuum to yield a yellow oil. The resulting compound was purified by column 
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chromatography.  Yield 0.054 g (86.3%). 
1
H NMR (400 MHz, Acetone-d
6
) δ 8.46 (s, 1H, Hd), 
8.16 (t, J = 1.8 Hz, H
f
), 7.89 (dd, J = 7.4, 2 Hz, 2H, H
g
), 7.55 (dd, J = 2.8, 1.2 Hz, 2H, H
e
), 7.44 
(dd, J = 4.8, 1.2 Hz, 2H, H
i
), 7.40 (dd, J = 4.6, 3.2 Hz, 2H, H
h
), 3.74 (t, J = 6.8 Hz, 2H, H
c
), 2.67 
(t, J = 6.9 Hz, 2H, H
b
), 2.29 (s, 6H, H
a
). 
 
Synthesis #4 (2/28/13) 
0.102 g of 3,5- dithiophen-3-yl-benzaldehyde 3a was dissolved in dichloromethane (3 mL) and 
added to a 50 mL round bottom flask containing a solution of N, N-dimethylethylenediamine 
(0.033 g) and dichloromethane (7 mL). The resulting bright yellow solution was stirred at room 
temperature for 3 hours. The solvent was then removed on the rotary evaporator and dried on the 
high vacuum to yield a brown-yellow oil. After taking a 
1
H NMR, the oil was redissolved in 
acetone (7 mL) and reacted for an additional 3 hours. The solvent was removed via the rotary 
evaporator to yield a bright yellow coating. The resulting compound was purified by column 
chromatography.  Yield 0.093 g (72.1%). 
1
H NMR (400 MHz, Chloroform-d) δ 8.39 (s, 1H, Hd), 
8.13 (t, J = 1.8 Hz, H
f
), 7.86 (dd, J = 7.4, 2 Hz, 2H, H
g
), 7.59 (dd, J = 2.8, 1.2 Hz, 2H, H
e
), 7.43 
(dd, J= 4.8, 1.2 Hz, 2H, H
i
), 7.41 (dd, J= 4.6, 3.2 Hz, 2H, H
h
), 3.80 (t, J = 6.8, 2H, H
c
), 2.78 (t, J 
= 6.8 Hz, 2H, H
b
), 2.35 (s, 6H, H
a
). 
 
Synthesis #5 (3/18/13) 
0.181 g of 3,5- dithiophen-3-yl-benzaldehyde 3a was dissolved in dichloromethane (3 mL) and 
added to a 50 mL round bottom flask containing a solution of N, N-dimethylethylenediamine 
(0.062 g) and dichloromethane (8 mL). The resulting bright yellow solution was stirred at room 
temperature for 6 hours. The solvent was then removed on the rotary evaporator and dried on the 
high vacuum to yield a yellow oil. The resulting compound was purified by column 
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chromatography. Yield 0.152 g (66.2%). 
1
H NMR (400 MHz, Acetone-d6) δ 8.46 (s, 1H, Hd), 
8.13 (t, J = 1.8 Hz, H
f
), 7.89 (dd, J = 7.4, 2 Hz, 2H, H
g
), 7.62 (dd, J = 2.9, 1.4 Hz, 2H, H
e
), 7.57 
– 7.45 (m, 2H, Hi), 7.40 (dd, J = 4.6, 3.2 Hz, 2H, Hh), 3.75 (t, J = 6.8 Hz, 2H, Hc), 2.60 (t, J = 6.8 
Hz, 2H, H
b
), 2.31 (s, 6H, H
a
). 
 
C6H2Br3I, 4a 
Synthesis #1 (2/2/13) 
3.282 g of NaNO2 was dissolved in H2O (15 mL) and stirred until all of the NaNO3 went into 
solution. A slurry of 15.1 g tribromoaniline and concentrated HCl (23 mL) was cooled to 0°C to 
yield an opaque white solution. The NaNO2 solution was added dropwise to the HCl slurry. 
Upon addition, the solution turned yellow. At the end of the addition, the solution was an opaque 
golden yellow. The solution was stirred for an additional 30 minutes. The diazonium salt was 
slowly transferred through a glass wool filter into a funnel and into a solution of 75.05 g KI in DI 
H2O (114 mL). Upon addition of the salt to the KI solution, the solution turned yellow with 
chunky brown foam quickly bubbling to the top of the flask. The brown foam was stirred 
mechanically and magnetically. Once all of the salt had been added, the bottom portion of the 
solution had become a brownish red while the top half of the solution remained a foamy brown. 
The solution was stirred magnetically and mechanically for an additional 45 minutes at room 
temperature. The reaction was then washed with dichloromethane (25 mL). The aqueous portion 
was then washed again with dichloromethane (15 mL). The organic portions were combined and 
washed with NaOH (10 mL) and dried with MgSO4. A red-brown solid was obtained upon 
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solvent removal. Due to time constraints, no purification was performed. Yield 13.72 g (68.0 %). 
1
H NMR (400 MHz, Chloroform-d) δ 7.71 (s, 1H, Ha). 
 
 
 
C18H13Br, 4b 
Synthesis #1 (3/1/13) 
5.00 g of 2, 4, 6 – tribromoiodobenzene was purged under N2 gas. Anhydrous tetrahydrofuran 
(THF) (80 mL) was added to the reagent via a syringe to produce a clear orange solution. 
Separately, a solution of 1M PhMgBr in THF (108 mL) was added to a 500 mL two-necked 
round bottom flask and refluxed under active N2 gas to yield a clear, pale yellow solution. The 
solution containing the tribromoiodobenzene was then added dropwise to the yellow solution. 
Upon addition of the tribromoiodobenzene solution, the yellow solution darkened, gradually 
changing into a dark orange color. After full addition of the tribromoiodobenzene solution, the 
resulting solution was refluxed for an additional 50 minutes. The reaction was then left to stir for 
24 hours. The resulting red-brown solution was filtered through a Buchner funnel.* The reaction 
was quenched with saturated NH4Cl, producing a chunky white precipitate and an orange liquid, 
and washed with diethyl ether (30 mL). The organic layers were then washed with saturated 
NaCl and the solvent was removed. The resulting light brown solid was then dried on the high 
vacuum. Yield  7.301 g,  (208%). 
1
H NMR (400 MHz, Acetone-d6) δ 7.90 (t, J = 1.6 Hz, 1H, 
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H
a
), 7.31 – 7.26 (m, 2H, Hb), 7.22 – 7.16 (m, 2H, Hc), 7.03 (t, J = 7.7 Hz, 2H, Hg), 7.01-6.97 (m, 
4H, H
d
). 
13
C NMR (400 MHz, Chloroform-d) δ 128.91 , 128.73 , 127.98 , 127.21 , 127.14. 
*Some of the septum used to cover the second inlet of the flask fell into the reaction flask during 
the addition of the tribromoiodobenzene solution. The septa pieces were left undisturbed until the 
completion of the reaction. Some parafilm was wrapped around the remaining septum to ensure 
no air would taint the solution.  
 
Synthesis #2 (3/11/13) 
2.50 g of 2, 4, 6 – tribromoiodobenzene was purged under N2 gas. Anhydrous tetrahydrofuran 
(THF) (50 mL) was added to the reagent via a syringe to yield a clear orange solution. 
Separately, a solution of 1M PhMgBr in THF (56.7 mL) was added to a 250 mL two-necked 
round bottom flask and refluxed under active N2 gas to yield a clear, pale yellow solution. The 
solution containing the tribromoiodobenzene was then added dropwise to the yellow solution. 
Upon addition of the tribromoiodobenzene solution, the yellow solution darkened, gradually 
changing into a clear, dark orange color. After full addition of the tribromoiodobenzene solution, 
the resulting solution was refluxed for an additional 1 hour. The reaction was then left to stir for 
18 hours. The reaction was quenched with saturated NH4Cl, producing a chunky white 
precipitate and an orange liquid. The mixture was washed with diethyl ether (15.0 mL). The 
organic layers were then separated and washed with saturated NaCl (10.0 mL) and the solvent 
was removed. A light brown solid was obtained. The resulting compound was purified by 
column chromatography to yield a light brown powder.  Yield 1.472 g, (83.9%); mp 109  ˚C; Rf 
= 0.714. 
1
H NMR (400 MHz, Acetone-d6) δ 7.81 (d, J = 1.6 Hz, 1H, Ha), 7.79 – 7.72 (m, 2H, 
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H
b
), 7.55 – 7.49 (m, 2H, Hc), 7.46 – 7.42 (m, 2H, Hg), 7.39 – 7.35 (m, 2H, He), 7.32 – 7.27 (m, 
2H, H
f
), 7.24 – 7.15 (m, 2H, Hd). 
 
Synthesis #3 (4/15/13) 
1.258 g of 2, 4, 6 – tribromoiodobenzene was purged under N2 gas. Anhydrous tetrahydrofuran 
(THF) (25 mL) was added to the reagent via a syringe to produce a clear orange solution. 
Separately, a solution of 1M PhMgBr in THF (28.4 mL) was added to a 250 mL two-necked 
round bottom flask and refluxed under active N2 gas to yield a clear, pale yellow solution. The 
solution containing the tribromoiodobenzene was then added dropwise to the yellow solution. 
Upon addition of the tribromoiodobenzene solution, the yellow solution darkened, gradually 
changing into a dark orange color. After full addition of the tribromoiodobenzene solution, the 
resulting solution was refluxed for another hour. The reaction was then left to stir for 22 hours. 
The dark orange solution was quenched with saturated NH4Cl, producing a chunky white 
precipitate and an orange liquid. The aqueous layer was washed with diethyl ether (10.0 mL). 
The resulting organic layers were then washed with saturated NaCl (10.0 mL) and dried with 
magnesium sulfate. The solvent was then removed to yield a white powder. No purification was 
performed due to time constraints. Yield 0.329 g, (37.3%). 
1
H NMR (400 MHz, Chloroform-d) δ 
7.71 (d, J = 0.5 Hz, 1H, H
a
), 7.63 – 7.61 (m, 2H, Hb), 7.61 – 7.59 (m, 2H, Hc), 7.50 – 7.44 (m, 
2H, H
g
), 7.42 – 7.37 (m, 2H, He), 7.37 – 7.34 (m, 2H, Hf), 7.21-7.17 (m, 2H, Hd). 
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C23H17N2, 4c 
Synthesis #1 (4/8/13) 
0.021 g of 4b was dissolved in toluene (5.0 mL) along with 0.0566 g of sodium carbonate, 
0.0045 g of Pd(PPh3)4 , and 0.0547 g of 2- (3,5 – diphenylphenyl) pyridine. The resulting 
solution was refluxed at 130 °C for the next 48 hours. Additional toluene (5.0 mL) needed to be 
added after refluxing for 24 hours due to some overnight complications. The solvent was then 
removed to produce a yellow oil. No purification was performed. Yield 0.288 g, (74.3 %).
1
H 
NMR (400 MHz, Chloroform-d) δ 7.71 (d, J = 1.6 Hz, 1H), 7.69 (m, 2H), 7.67 (m, 3H), 7.64 (m, 
2H), 7.60 (m, 2H), 7.53 (m, 3H), 7.41 – 7.37 (m, 1H), 7.35 – 7.30 (m, 1H), 7.28 – 7.22 (m, 1H), 
7.21 – 7.15 (m, 1H). 13C NMR (400 MHz, Chloroform-d) δ 132.17 , 132.07 , 131.96 (d, J = 2.8 
Hz), 128.91 , 128.54 , 128.42 , 127.19 , 83.08 , 24.51.
* 
*
When the NMR data was compared to the literature values, it was determined that the 
compound was not the predicted 4c. 
 
 
 
C11H10N2S, 5a 
Synthesis #1 (3/20/13) 
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0.400 g of 2-picolylamine was added to a 50 mL round bottom flask containing dry molecular 
sieves (1.5 g). Dry dichloromethane (6.0 mL) was then added to the flask, and the reaction was 
stirred for 10 minutes. 0.415 g of 3-thiophenecarboxaldehyde was added dropwise to the stirring 
solution. The resulting mixture was left to stir at room temperature for 12 hours. The resulting 
solution was filtered through a celite plug to give an orange liquid. The solvent was removed on 
the rotary evaporator and dried under a high vacuum to yield a bright orange oil. The resulting 
compound was purified by column chromatography. Yield 0.314 g, (41.9%). 
1
H NMR (400 
MHz, Chloroform-d) δ 8.57 (dd, J = 4.9, 1.8 Hz, 1H, Hc), 8.48 (s, 1H, Ha), 7.69 – 7.63 (m, 2H), 
7.59 (d, J= 5.0 Hz, 1H), 7.41 – 7.32 (m, 2H), 7.17-7.11 (m, 1H), 5.01 (s, 2H, Hb). 
 
Synthesis #2 (3/21/13) 
0.800 g of 2-picolylamine was added to a 50 mL round bottom flask containing dry molecular 
sieves (2.16 g). Dry dichloromethane (12.0 mL) was then added to the flask, and the reaction was 
stirred for 10 minutes. 0.830 g of 3-thiophenecarboxaldehyde was added dropwise to the stirring 
solution. The resulting mixture was left to stir at room temperature for 12 hours. The solution 
was filtered through a pipette filter (kimwipe and celite). The resulting solution was filtered 
through a celite plug, washed with sodium hydroxide (10.0 mL) and dichloromethane (10.0 mL), 
and dried over magnesium sulfate. The solvent was removed on the rotary evaporator and dried 
under a high vacuum to yield a bright orange oil. The resulting compound was purified by 
column chromatography. Yield 1.186 g, (79.2%). 
1
H NMR (400 MHz, Chloroform-d) δ  
1
H NMR (400 MHz, Chloroform-d) δ 8.56 (dd, J = 4.8, 1.8 Hz, 1H, Hc), 8.47 (s, 1H, Ha) , 7.69-
7.61 (m, 2H), 7.58 (d, J = 5.1 Hz, 1H), 7.39-7.31 (m, 2H), 7.19 – 7.12 (m, 1H), 4.90 (s, 2H, Hb). 
13
C NMR (400 MHz, Chloroform-d) δ 159.19 , 157.43 , 149.27 , 140.38 , 136.64 , 128.98 , 
126.45 , 125.79, 122.24 , 122.00 , 66.82. 
38 
 
 
C11H10NOS, 6a 
Synthesis #1 (3/21/13) 
0.500 g of 3-acetylthiophene and 1.208 g of iodine were dissolved in pyridine (8.0 mL). The dark 
red solution was refluxed at 80 °C for 3 hours.  The solvent was then removed to yield a red-
brown powder. No purification was performed. Yield 0.558 g, (70.0 %). 
1
H NMR (400 MHz, 
Chloroform-d) δ 8.81 (dd, J = 2.8, 1.3 Hz, 2H, Ha), 8.57 (dd, J = 8.6, 7.1 Hz, 1H, Hd), 8.07 – 
8.02 (m, 2H, H
c
), 7.44 (dd, J = 5.1, 2.8 Hz, 1H, H
f
),  7.32 (dd, J = 5.1, 2.9 Hz, 2H, H
e
), 6.85 (s, 
2H, H
b
). 
 
Synthesis #2 (4/23/13) 
0.100 g of 3-acetylthiophene and 0.201 g of iodine were dissolved in pyridine (8.0 mL). The dark 
red solution was refluxed at 80 °C for 3 hours.  The solvent was then removed to yield a red-
brown powder. No purification was performed. Yield 0.152 g, (93.8 %). 
1
H NMR (400 MHz, 
Chloroform-d) δ 8.81 (dd, J = 2.8, 1.3 Hz, 2H, Ha), 8.60 – 8.52 (m, 1H, Hd), 8.04 (dd, J = 2.9, 
1.3 Hz, 2H, H
c
), 7.44 (dd, J = 5.1, 2.8 Hz, 1H, H
f
), 7.32 (dd, J = 5.1, 3.0 Hz, 2H, H
e
), 6.91 (s, 
2H, H
b
). 
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C13H9NS2, 6b 
Synthesis #1 (3/21/13) 
1.26 g of 3-acetylthiophene, 1.027 g Me2NH2Cl, and 0.361 g of paraformaldehyde powder were 
dissolved in ethanol (10.0 mL) and concentrated HCl (0.3 mL). The solution was left to reflux at 
80 °C for 18 hours. The resulting yellow solution was cooled down to 0 °C in an ice bath. A 
brown precipitate formed as the solution cooled. At this point, the flask was dropped, and no 
product was recovered. Yield 0.0 g (0%). 
 
Synthesis #2 (4/1/13) 
1.28 g of 3-acetylthiophene, 0.999 g Me2NH2Cl, and 0.466 g of paraformaldehyde powder were 
dissolved in ethanol (10.0 mL) and concentrated HCl (0.3 mL). The solution was left to reflux at 
80 °C for 18 hours. The resulting yellow-orange solution was cooled down to 0 °C in an ice bath. 
A brown precipitate formed as the solution cooled. The solution was vacuum filtered and washed 
with cold ethanol (5.0 mL). The precipitate was set aside, and concentrated NH4OH (5.0 mL) 
and ethyl ether (5.0 mL) were added to the solution. The ethyl ether layer was extracted and 
dried over magnesium sulfate. The solvent was then evaporated to yield a brown oil. Due to the 
compound’s hygroscopic nature, no further purification was performed. Yield 0.162 g, (88.5%). 
1
H NMR (400 MHz, Acetone-d6) δ 8.58 (dd, J = 2.5, 1.6 Hz, 1H, He), 7.59 – 7.55 (m, 2H, Hd), 
3.66 – 3.61 (m, 2H, Hc), 3.53-3.47 (m, 2H, Hb), 2.87 (s, 6H, Ha). 
 
Synthesis #3 (4/9/13) 
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0.126 g of 3-acetylthiophene, 0.099 g Me2NH2Cl, and 0.058 g of paraformaldehyde powder were 
dissolved in ethanol (10.0 mL) and concentrated HCl (0.3 mL). The solution was left to reflux at 
80 °C for 27 hours. Some brown material had built up along the sides of the flask due to water 
malfunction overnight. The rest of the solution was clear. Additional ethanol (5.0 mL) was 
added, and the sides of the flask scraped, to redissolve some of the buildup. The resulting 
yellow-brown solution was then cooled down to 0 °C in an ice bath. A brown precipitate formed 
as the solution cooled. The solution was then vacuum filtered and washed with cold ethanol (5.0 
mL). The dark brown precipitate was set aside, and concentrated NH4OH (5.0 mL) and ethyl 
ether (5.0 mL) were added to the solution. The ethyl ether layer was extracted and dried over 
magnesium sulfate. The solvent was then evaporated to yield a brownish oil. Due to the 
compound’s hygroscopic nature, no further purification was performed.  Yield 0.154 g, (84.2%). 
1
H NMR (400 MHz, Acetone-d6) δ 8.56 (dd, J = 2.5, 1.6 Hz, 1H, He), 7.57 – 7.55 (m, 2H, Hd), 
3.66 – 3.62 (m, 2H, Hc), 3.54-3.47 (m, 2H, Hb), 2.88 (s, 6H, Ha). 
 
 
Synthesis of the Platinum (II) Complexes 
 
 
 
[PtMe(C19H19N2S2)(SMe2)], 3c 
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Synthesis #1 (2/25/13) 
0.098 g of platinum dimer was dissolved in acetone (10.0 mL). In a separate flask, 0.116 g of 
ligand 3b was dissolved in acetone (5.0 mL). Once the dimer had fully dissolved, the solution 
was added into the ligand solution. Upon addition of the dimer, the yellow solution darkened. 
The solution was stirred at room temperature for 27 hours. The solvent was then removed on the 
rotary evaporator and dried over a high vacuum to yield a gold/yellow powder. No further 
purification was performed. Yield 0.124 g, (77.0 %).
1
H NMR (400 MHz, Chloroform-d) δ 8.19 
(s, 1H, H
d
), 8.06 (t, J = 1.8 Hz, 1H), 8.01 (d, J = 1.6 Hz, 2H), 7.54 (d, J = 1.5 Hz, 2H), 7.48 – 
7.46 (m, 4H), 3.64 (t, J = 6.8 Hz, 2H, H
c
), 2.20 (t, J = 6.8 Hz, 2H, H
b
), 1.19 (s, 6H, H
a
). 
 
Synthesis #2 (3/06/13) 
0.046 g of platinum dimer was dissolved in acetone (7.0 mL). In a separate flask, 0.054 g of 
ligand 3b was dissolved in acetone (5.0 mL). Once the dimer had fully dissolved, the solution 
was added into the ligand solution. Upon addition of the dimer, the yellow solution darkened. 
The solution was refluxed for 3 hours. The solvent was then removed on the rotary evaporator 
and dried over a high vacuum to yield a gold/yellow powder. The resulting product was then 
washed with cold pentane and hexane. Yield 0.056 g, (71.8 %). 
1
H NMR (400 MHz, Acetone-d
6
) 
δ 8.12 (s, 1H, Hd), 7.92 (t, J = 1.8 Hz, 2H), 7.70 (d, J = 1.6 Hz, 2H), 7.67 (d, J = 1.5 Hz, 2H), 
7.60-7.46 (m, 3H), 3.29 (t, J = 6.8 Hz, 2H, H
c
), 2.20 (t, J = 6.8 Hz, 2H, H
b
), 1.12 (s, 
3
J (Pt-H)= 
14.4 Hz, 6H, H
a
), 1.06 (s, 
2
J (Pt-H)= 83.2 Hz, 3H, H
e
), 0.76 (s, 
2
J (Pt-H)= 88.8 Hz, 3H, H
f
). 
 
Synthesis #3 (3/08/13) 
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0.078 g of platinum dimer was dissolved in acetone (10.0 mL). In a separate flask, 0.093 g of 
ligand 3b was dissolved in acetone (5.0 mL). The dimer did not fully dissolve, so the excess 
dimer was filtered out before the reaction began. The dimer solution was then added into the 
ligand solution. Upon addition of the dimer, the yellow solution darkened. The solution was 
stirred at room temperature for 2 hours originally. The reaction was stirred an additional 4 hours 
after seeing the presence of unreacted dimer during 
1
H NMR analysis. The solvent was then 
removed on the rotary evaporator and dried over a high vacuum to yield a gold/yellow powder. 
The product was purified by saturating the product in acetone and pushing the product through a 
celite/kimwipe filter. The solvent was then removed, and the now yellow/orange powder was 
washed with pentane.  Yield 0.067 g, (48.9 %).
 1
H NMR (400 MHz, Acetone-d6) δ 8.42 (s, 1H, 
H
d
) 8.34– 8.25 (m, 2H), 8.22 – 8.10 (m, 2H), 8.04 – 8.01 (m, 1H), 8.01 – 7.89 (m, 3H), 7.79 – 
7.67 (m, 2H), 3.65 (t, J = 6.6 Hz, 2H, H
c
), 1.81 (t, J = 6.8 Hz, 2H, H
b
), 1.18 (s, 
3
J= 13.2 Hz, 6H, 
H
a
), 0.96 (s, 
2
J (Pt-H)= 87.2 Hz, 3H, H
e
), 0.728 (s, 
2
J (Pt-H)= 72.8 Hz, 3H, H
e
). 
 
Synthesis #4 (4/2/13) 
0.128 g of platinum dimer was dissolved in acetone (7.0 mL). In a separate flask, 0.151 g of 
ligand 3b was dissolved in acetone (3.0 mL) to yield an orange solution. The dimer did not fully 
dissolve, so the excess dimer was filtered out before the reaction began. The dimer solution was 
then added into the ligand solution.  Upon addition of the dimer, the orange solution darkened 
into a deep red. The solution was stirred at room temperature for 7 hours. The solvent was then 
removed on the rotary evaporator and dried over a high vacuum to yield an orange powder. The 
product was washed with cold pentane and cold ether. Yield 0.142 g, (64.0 %). 
1
H NMR (400 
MHz, Acetone-d6) δ 8.50 (s, 1H, Hd), 8.32 (d, J = 1.9 Hz, 1H), 8.19 – 8.15 (m, 2H), 8.03 (dd, J = 
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3.0, 1.4 Hz, 2H), 7.75 – 7.68 (m, 2H), 7.61 – 7.56 (m, 2H), 3.62 (t, J = 6.6 Hz, 2H, Hc), 1.81 (t, J 
= 6.8 Hz, 2H, H
b
), 1.18 (s, 
3
J = 13.6 Hz, 6H, H
a
), 0.96 (s, 
2
J = 87.2 Hz, 3H, H
e
) 0.72 (s, 
2
J = 72.8 
Hz, 3H, H
f
). 
 
Synthesis #5 (4/22/13) 
0.101 g of platinum dimer was dissolved in benzene (7.0 mL). In a separate flask, 0.120 g of 
ligand 3b was dissolved in benzene (3.0 mL) to yield a yellow solution. The dimer did not fully 
dissolve, so the excess dimer was filtered out before the reaction began. The dimer solution was 
then added into the ligand solution.  Upon addition of the dimer, the orange solution darkened. 
The solution was stirred at room temperature for 1 hour. The solvent was then removed on the 
rotary evaporator and dried over a high vacuum to yield an orange powder. Excess ligand was 
present in 
1
H NMR spectra, so the compound was left unpurified so it could be redissolved and 
reacted for a longer time period.  Yield 0.158 g, (89.8 %). 
1
H NMR (400 MHz, Chloroform-d) δ 
8.56 (s, 1H, H
d
), 8.18 (s, 1H), 8.05 (s, 1H), 7.64 (d, J = 1.4 Hz, 2H), 7.61 – 7.58 (m, 1H), 7.48 – 
7.44 (m, 4H), 3.63 (t, J= 6.8 Hz, 2H, H
c
), 2.66 (t, J=6.8 Hz, H
b
), 2.17 (s, 6H, H
a
). 
 
 
 
 
 [PtMe2(C23H17N2)(SMe2)], 4d  
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Synthesis #1 (4/18/13) 
0.107 g of platinum dimer was dissolved in acetone (10.0 mL). The dimer did not fully dissolve, 
so the excess dimer was filtered out before the reaction began. In a separate flask, 0.228 g of 
ligand 4c was dissolved in acetone (5.0 mL) to yield a pale yellow solution. The dimer solution 
was then added into the ligand solution. The solution remained a pale yellow upon addition of 
the dimer solution. The resulting solution was stirred at room temperature for 12 hours. The 
solvent was then removed on the rotary evaporator and dried over a high vacuum. No 
purification was performed. Yield 0.199 g (90.0 %). 
1
H NMR (400 MHz, Chloroform-d) δ 7.69 
(dd, J = 0.8 Hz, 1H, H
a
), 7.68 (d, J = 1.7 Hz, 2H, H
e
), 7.65 (t, J = 1.6 Hz, 1H, H
h
), 7.64 (dd J= 
1.8 Hz, 4H, H
f
), 7.63-7.61 (m, 1H, H
d
), 7.53 (t, J = 1.8 Hz, 4H, H
g
), 7.47 – 7.46 (m, 3H, Hc), 
7.43 (dd, J = 2.8, 1.3 Hz, 1H, H
b
), 3.04 (s, 
3
J= 15.2 Hz, 1H, H
k
), 0.50 (s, 
2
J = 80 Hz, 1H, H
j
), 
0.47 (s, 
2
J= 83.2 Hz, 1H, H
i
).
13
C NMR (400 MHz, Chloroform-d) δ 132.11 , 132.01 , 131.98 , 
131.95 , 128.90 , 128.56 , 128.43 , 127.17 , 24.90 , 20.13 . 
 
 
 
 
 [PtMe(C19H19N2S2)(SMe2)], 5b 
Synthesis #1 (4/2/13) 
0.312 g of Pt dimer was dissolved in acetone (12.0 mL). Minimal undissolved dimer remained, 
so the excess dimer was not filtered out. In a separate flask, 0.220 g of ligand 5a was dissolved in 
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acetone (3.0 mL) to yield a bright yellow solution. Upon combination of the dimer and ligand 
solutions, the resulting solution became a bright orange color. The reaction was stirred at room 
temperature for 24 hours. The solvent was removed to yield an orange powder. The product was 
washed with cold pentane. Yield 0.153 g, (32.9%).
1
H NMR (400 MHz, Chloroform-d) δ 8.53 
(dd, J = 4.6, 1.3 Hz, 2H) , 8.13 (s, 1H), 7.86-7.78 (m, 2H), 7.55 (d, J = 4.8 Hz, 1H), 7.46 – 7.28 
(m, 2H), 2.63 (s, 2H), 1.09 (s, J = 80.0, 3H). 
 
Synthesis #2 (4/18/13) 
0.077 g of Pt dimer was dissolved in acetone (10.0 mL). The dimer fully dissolved. In a separate 
flask, 0.054 g of ligand 5a was dissolved in acetone (5.0 mL) to yield a pale yellow solution. 
Upon combination of the dimer and ligand solutions, the resulting solution became bright 
yellow, and after 10 minutes of stirring, the solution became bright orange. The reaction was 
stirred at room temperature for 12 hours. The solvent was removed to yield a golden yellow 
powder. The product was washed with cold pentane. Yield 0.092 g, (80.4 %). 
1
H NMR (400 
MHz, Chloroform-d) δ 8.53 (dd, J = 4.6, 1.3 Hz, 2H), 7.95-7.77 (m, 2H), 7.55 (d, J = 4.8 Hz, 
1H), 7.48 – 7.38 (m, 2H), 2.63 (s, 2H), 1.09 (s, J = 80.0 Hz, 3H). 
 
Synthesis #3 (4/23/13) 
0.04 g of the product from synthesis 2 above was redissolved in acetone (10.0 mL) and refluxed 
for 2 hours. The solvent was removed and the product was washed with hexane and diethyl ether 
to yield a red-gold powder. No yield was obtained.  
1
H NMR (400 MHz, Acetone-d6) δ 8.47 (dd, 
J = 2.9, 1.2 Hz, 1H), 7.68 – 7.60 (m, 1H), 7.57 (tt, J = 7.8, 2.7 Hz, 1H), 7.52 (ddd, J = 5.1, 1.2, 
0.4 Hz, 1H), 7.31 – 7.21 (m, 2H), 7.15 – 7.03 (m, 2H), 5.62 (s, 2H), 0.69 (s, J =72.0 Hz, 3H). 
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Appendix C 
 
Compound 1H NMR Peak Assignments IR Peak Assignments 
a  
(Me2 or 
aldehyde) 
b 
(CH2) 
c 
(CH2) 
d (imine) Aromatic 
Range 
e  
(Pt-Me) 
f  
(Pt-Me) 
 
C=N 
 
S-C 
3a 10.15 (s) --- --- --- 7.65 – 
8.38 
--- --- 1697.07 1293.56 
3b 2.35 (s) 2.67 (s, 
J=6.8 Hz) 
3.74 (s, 
J=6.8 Hz) 
 
8.40 (s) 7.41 – 
7.87 
--- --- 1664.05 1205.99 
3c 1.18 (s, 
3J= 13.6 
Hz) 
1.81 (s, 
3J=13.6 Hz) 
3.62 (s, 
3J=13.6 Hz) 
8.50 (s) 7.56 – 
8.32 
1.06 (s, 
2J= 83.2 
Hz) 
0.764  
(s, 2J= 
88.8 Hz) 
1594.29 1225.40 
3c1 
(in 
benzene) 
2.174 (s) 2.66 (t, J= 
6.8 Hz) 
3.63 (t, J= 
6.8 Hz) 
8.56 (s) 7.44 – 
8.18 
--- --- --- --- 
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Compound 
1
H NMR Peak Assignments 
a 
(Pt-Me) 
b 
(Pt-Me) 
c  
(Pt-SMe2) 
d 
(imine or 
aldehyde) 
 
Aromatic  
Range 
4a --- --- --- --- 7.29 – 8.38 
4b --- --- --- --- 7.81-7.15 
4c --- --- --- 7.71 (d, J 
= 1.6 Hz) 
7.69 – 7.15 
4d 0.47 (s, 
2
J= 83.2 
Hz) 
0.50 (s, 
2
J= 80.0 
Hz) 
3.02 (s, 
3
J= 15.2 
Hz) 
7.69 (d, 
J=0.8 Hz)  
7.69-7.43 
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Compoun
d 
1
H NMR Peak Assignments IR Peak 
Assignments 
a 
(imine) 
 
b  
(CH2) 
Aromatic Range c 
 (Pt-Me) 
 
C=N 
 
S-C 
1, 6 2, 7 3 4 
(imine) 
5 
5a 8.47  
(s) 
4.90 (s) 7.69 – 
7.61 
(m) 
7.39 -
7.31 
(m) 
7.58 
(d) 
8.56 
(dd) 
7.19-
7.12 
(m) 
 
--- 
 
 
1588.20 1234.07 
5b 8.12  
(s) 
2.63 (s) 7.95 -
7.77 
(m) 
7.48 -
7.38 
(m) 
7.55 
(d) 
 
--- 
8.53 
(dd) 
1.09  
(s, J= 80 
Hz) 
1591.07 1225.35 
5b1 8.47 
(dd, J = 
2.9, 1.2 
Hz) 
5.62 (s)  
7.68 – 7.03 
0.69 (
2
J= 
72.0 Hz) 
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Compound 
1
H NMR Peak Assignments IR Peak Assignments 
a 
(imine or 
(CH3)2) 
b 
(CH2) 
c 
((CH2) 
for 6b) 
Aromatic  
Range 
 
C=N 
 
S-C 
c d e f 
6a 8.81 (dd, 
J= 2.8, 
1.3 Hz) 
6.85 (s) --- 8.04 
(dd, 
J = 
2.9, 
1.3 
Hz) 
8.57 
(dd, 
J = 
8.6, 
7.1 
Hz) 
7.32 
(dd, 
J = 
5.1, 
2.9 
Hz) 
7.44 
(dd, 
J = 
5.1, 
2.8 
Hz) 
1597.11 1231.89 
6b 2.87 (s) 3.66-3.61 
(m) 
3.53-
3.47 (m) 
--- 7.59-
7.55 
(m) 
8.58 
(dd, 
J = 
2.5, 
1.6 
Hz) 
--- 1673.15 1270.11 
 
 
71 
 
Appendix D 
 
Aromatic 
Stretch 
Aldehyde 
Stretch 
 
C-H 
Bend 
 
S-C 
(Thiophene) 
 
C-H 
Stretch 
 
Aromatic 
Bend 
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Aromatic 
Stretch 
C-H 
Stretch 
C=N  
C-H 
Bend 
S-C 
(Thiophene) 
Aromatic 
Bend 
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Aromatic 
Stretch 
C-H 
Stretch 
C-H 
Bend 
S-C 
Thiophene 
Aromatic 
Bend 
C=N  
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Bend 
N=C 
Stretch 
N-C 
Stretch 
S-C 
(Thiophene) 
Aromatic 
Bend 
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5
5
6
.5
5
6
3
9
.0
3
6
9
5
.5
9
7
5
6
.1
3
7
8
5
.7
2
8
3
1
.5
7
9
9
2
.4
8
1
0
2
6
.5
6
1
1
5
0
.6
7
1
2
2
5
.3
5
1
3
2
8
.6
2
1
4
2
1
.1
2
1
4
7
3
.1
0
1
5
1
8
.2
5
1
5
6
8
.8
9
1
5
9
1
.0
7
2
8
9
8
.1
2
2
9
5
9
.5
0
 93
 94
 95
 96
 97
 98
 99
 100
 101
 102
 103
 104
%
T
 1000   1500   2000   2500   3000   3500  
Wavenumbers (cm-1)
Aromatic 
Bend 
C-H 
Stretch 
N=C  
C-H 
Bend 
S-C 
(Thiophene)
w) 
N-C 
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4
3
4
.7
2
4
5
7
.0
3
5
2
0
.5
7
5
4
2
.7
8
6
3
9
.0
1
6
9
4
.7
2
7
5
7
.2
9
8
3
1
.2
1
8
6
0
.6
1
9
9
0
.6
0
1
0
2
7
.6
1
1
1
5
7
.3
2
1
2
2
9
.6
5
1
3
2
7
.4
3
1
4
1
6
.7
8
1
5
1
7
.3
8
1
5
6
5
.3
7
1
5
9
2
.1
8
2
0
3
0
.2
2
2
1
4
6
.4
3
2
1
5
5
.4
4
2
1
6
3
.2
9
2
1
7
9
.2
2
2
1
9
7
.1
9
2
8
9
6
.7
1
 96.5
 97.0
 97.5
 98.0
 98.5
 99.0
 99.5
 100.0
 100.5
 101.0
 101.5
 102.0
 102.5
 103.0
 103.5
 104.0
%
T
 500    1000   1500   2000   2500   3000   3500  
Wavenumbers (cm-1)
Aromatic 
Bend 
C-H 
Stretch 
N=C 
C-H 
Bend 
S-C 
(Thiophene) 
N-C 
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5
5
9
.7
1
5
7
0
.3
6
6
2
4
.2
2
6
6
8
.0
97
3
1
.4
3
9
9
0
.1
1
1
0
4
9
.9
1
1
1
8
2
.7
3
1
2
3
1
.8
9
1
4
7
5
.6
6
1
5
2
3
.0
3
1
5
9
7
.1
1
 62
 64
 66
 68
 70
 72
 74
 76
 78
 80
 82
 84
 86
 88
 90
%
T
 500    1000   1500   2000   2500   3000   3500  
Wavenumbers (cm-1)
Ketone 
Alkane  
C-H Bend 
S-C 
Thiophene 
N-C 
Stretch 
Alkane  
C-H Stretch 
Aromatic 
Stretch 
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7
8
8
.5
6
8
6
7
.0
4
9
6
8
.3
4
1
0
2
7
.0
3
1
3
7
9
.7
7
1
4
0
5
.8
9
1
4
1
5
.0
91
4
7
0
.9
2
1
5
1
0
.7
8
1
6
7
3
.1
5
2
4
5
9
.5
9
2
7
5
9
.0
02
9
3
5
.6
3
 78
 80
 82
 84
 86
 88
 90
 92
 94
 96
 98
 100
 102
 104
%
T
 1000   1500   2000   2500   3000   3500  
Wavenumbers (cm-1)
Alkane 
C-H Stretch 
Ketone 
Stretch 
Aromatic 
C-H Bend 
 
N-C 
Stretch 
 
S-C 
Thiophene 
 
Alkane 
C-H Bend 
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